Background
==========

Cushing's syndrome results from prolonged, inappropriate exposure to excessive amounts of circulating free cortisol. Endogenous Cushing's syndrome is classified as either corticotrophin (ACTH) dependent or ACTH independent [@bib1]. The two most common aetiologies of ACTH-independent Cushing's syndrome are adrenal adenoma and carcinoma. Adrenal adenomas are responsible for approximately 10--15% of cases of Cushing's syndrome, and adrenal carcinomas are responsible for \<5% of cases of Cushing's syndrome. The onset of clinical features is gradual in patients with adenomas but often rapid in those with adrenal carcinoma. Other rare causes include primary bilateral macronodular adrenal hyperplasia, primary pigmented nodular adrenal hyperplasia and McCune--Albright syndrome [@bib1].

Management of patients with ACTH-independent Cushing's syndrome with bilateral adrenal masses is difficult. Adrenal venous sampling and ^131^I-6β-iodomethyl-19-norcholesterol (^131^I-NP-59) scintigraphy have been used to identify functional lesions [@bib2]. Herein we present a case of a woman with Cushing's syndrome and bilateral adrenal masses.

Case presentation
=================

A 29-year-old Han Chinese woman was admitted for evaluation of Cushing's syndrome. She presented with complaints of weight gain of approximately 8kg (body height, 163cm; body weight, 60kg; BMI, 22.6kg/m^2^) and gradual rounding of her face over the past 6 months. An increasing waist circumference was also observed. She showed no sign of easy bruising, thinning of the skin, supraclavicular fat pads, a buffalo hump or purple striae. She reported a previous history of hypercholesterolaemia and polycystic ovary syndrome. She visited our outpatient department for laboratory examinations, which revealed a morning cortisol level of 17.8μg/dL (reference range: 5--25μg/dL), ACTH level of \<5pg/mL (reference range: \<46pg/mL) and urinary free-cortisol level of 486μg/day (reference range: 20--80μg/day). She was subsequently admitted.

On physical examination, she had a healthy weight (BMI, 22.3kg/m^2^), mildly rounded face, facial plethora and ecchymosis of the extremities. Other aspects were unremarkable. The results of a complete blood cell count were within the normal limits, and general biochemical findings showed hypercholesterolaemia ([Table 1](#tbl1){ref-type="table"}). Table 1Baseline clinical and biochemical characteristics of the patients.**TestPatient valueReference range**WBC (/cumm)69006900--15 800Hb (g/dL)15.510.2--15.0Hct (%)45.330.1--43.6PLT (/cumm)191 K152--306 KBUN (mg/dL)1020--68Cre (mg/dL)0.691.3--3.3ALT (U/L)2315--41Na (mmol/L)144126--137K (mmol/L)4.03.8--5.2Cholesterol (mg/dL)264125--240LDL-c (mg/dL)177\<160Tg (mg/dL)10820--200[^1]

Investigations
==============

Serial examinations for Cushing's syndrome were then performed. The circadian rhythm of plasma cortisol disappeared (14.3 and 14.0μg/dL at 08:00h, and 14.5 and 14.6μg/dL at 10:00h respectively; reference ranges: cortisol at 08:00h, 5--25μg/dL; cortisol at 10:00h, \<5μg/dL). Elevated urinary free-cortisol levels were noted (1027 and 958μg/day respectively), and the ACTH level was undetectable (\<5.0pg/mL). A 48-h low-dose dexamethasone test was performed after administration of dexamethasone at 0.5mg every 6h for 48h. The test results showed a plasma cortisol level of 16.4μg/dL (cut-off point, \<1.8μg/dL) and a urinary free-cortisol level of 1502μg/day (cut-off point, a decrease of \>90%). A high-dose dexamethasone suppression test was also performed with administration of dexamethasone at 2mg every 6h for 48h. The test results showed a urinary free-cortisol level of 1035μg/day (cut-off point, a decrease of \>50%). These results were compatible with ACTH-independent Cushing's syndrome.

Adrenal contrast-enhanced computed tomography (CT) revealed bilateral, round and smooth-contoured nodules, measuring 3cm at the medial limb on the right side and 1.5cm at the lateral limb on the left side ([Fig. 1](#fig1){ref-type="fig"}). In addition, both adrenal nodules showed low unenhanced CT attenuation values (\<10 Hounsfield units) with rapid contrast medium washout. Either or both of the lesions could have been the cause of cortisol hypersecretion; however, this could not be ascertained using CT. To identify the source of the excess cortisol secretion, we performed adrenal venous sampling after dexamethasone administration. Plasma adrenaline, cortisol and aldosterone levels were measured from the inferior vena cava, left renal vein and bilateral adrenal veins. Successful catheterisation was confirmed on the basis of the following plasma adrenaline levels: right adrenal vein, 274pg/mL and left adrenal vein, \>2000pg/mL (inferior vena cava adrenaline, 15pg/mL; [Table 2](#tbl2){ref-type="table"}). The adrenal vein-to-peripheral vein cortisol ratio (AV/PV gradient) was 24.4 on the right side and 1.70 on the left side, with a right-to-left lateralisation ratio of 14.29 ([Table 2](#tbl2){ref-type="table"}). Figure 1Adrenal CT. (A) Pre-contrast CT showed bilateral adrenal masses (arrow and arrowhead). (B) Post-contrast CT revealed bilateral adrenal masses (arrow and arrowhead). (C) A right adrenal mass was noted in the coronal view of adrenal CT (arrow). (D) A left adrenal mass was seen in the coronal view of adrenal CT (arrow). Table 2Results of adrenal venous sampling test.**Right adrenal veinLeft adrenal veinInferior vena cava**Cortisol (μg/dL)410.2628.716.8AV/PV ratio24.41.70Cortisol ratio\*14.29Catecholamine (pg/mL)(epinephrine/norepinephrine)274/330\>2000/21915/101Aldosterone (pg/mL)69487749.11[^2]

The patient also underwent ^13^ ^1^I-NP-59 scintigraphy. Lugol's solution (eight drips per day) and dexamethasone (2mg every 6h starting 3 days before the radioactive isotope administration) were administered for a total of 6 days. Tc-99m dimercaptosuccinic acid (DMSA) was then administered for kidney localisation. After 3h, ^13^ ^1^I-NP-59 was injected intravenously, and sequential posterior images of the abdomen were obtained. The right adrenal gland was visualised on days 2, 3 and 4. However, the left adrenal gland was not visualised throughout the course of the study. According to the results of the adrenal venous sampling and ^131^I-NP-59 scintigraphy, we diagnosed the right adrenal adenoma to be a functional mass ([Fig. 2](#fig2){ref-type="fig"}). Figure 2Results of ^131^I-NP-59 scintigraphy. (A) Localisation of bilateral kidneys on day 0 from the posterior view. (B and C) Uptake in the right supra-adrenal area was clearer during the period (days 2 and 4) from the posterior view.

Treatment
=========

The patient underwent laparoscopic right adrenalectomy in March 2013. The pathology report revealed an adrenal gland of approximately 3cm. Histological examination revealed an adrenal adenoma measuring approximately 1.2×1cm, without malignant features. Postoperative steroid supplementation was initiated for her fatigue and low systolic blood pressure of 90--100mmHg under the impression of postsurgical adrenal insufficiency. On the fourth day after surgical intervention, her postoperative cortisol level at 08:00h was 3.2μg/dL, without hydrocortisone intravenous supplementation for \>24h.

Outcome and follow-up
=====================

The patient was regularly followed up at our endocrine department with discontinuation of the steroid supplementation 5months after surgery. Her body weight was 51kg 8months after laparoscopic right adrenalectomy.

Discussion
==========

If a patient presents with bilateral adrenal masses, it is important to distinguish whether one or both masses are hormonally hyperactive. In patients with bilateral adrenal masses and ACTH-independent Cushing's syndrome, the possible aetiologies include primary bilateral macronodular adrenal hyperplasia, bilateral cortisol secretion adenoma, or single adenoma with a contralateral non-functioning adenoma ([@bib1], [@bib2]). Morphological imaging modalities, including CT and magnetic resonance imaging, are not useful for distinguishing between a hormonally hyperactive and non-functioning adrenal mass [@bib2], whereas both ^131^I-NP-59 scintigraphy and adrenal venous sampling are reportedly useful for identifying adrenal Cushing's syndrome [@bib2]. Adrenal vein sampling has been used for subtype classification of primary aldosteronism and is recommended by the Endocrine Society Clinical Practice guidelines [@bib3]. Adrenal vein sampling has also been performed in patients with pheochromocytoma with no visible source on cross-sectional imaging [@bib4]. Only a few studies have reported the use of adrenal venous sampling for Cushing's syndrome with bilateral masses, of which the most well known was conducted by the Mayo Clinic (Rochester, MN, USA) ([@bib2], [@bib5], [@bib6]). Young and coworkers proposed cut-off values to determine unilateral or bilateral cortisol hypersecretion based on an assessment of 10 patients. They reported that catheterisation can be considered successful if the serum adrenaline level in the adrenal vein exceeds that in the peripheral vein by \>100pg/mL. The authors also found that a cortisol level gradient \>6.5 was consistent with a unilateral cortisol-secreting adenoma and that an AV/PV gradient ≤3.3 was compatible with a non-functioning adenoma. The cortisol lateralisation ratio, which indicates the high- to low-side adrenal vein cortisol gradient, was also used. In all of the cases, a lateralisation ratio ≥2.3 was consistent with a predominant cortisol-hypersecreting mass, and a lateralisation ratio ≤2.0 indicated bilateral cortisol hypersecretion [@bib2]. In our case, the AV/PV cortisol gradient was 24.4 on the right side, and the right-to-left lateralisation ratio was 14.29, which were compatible with the surgical findings. This procedure has some limitations, including difficulty approaching a small right adrenal vein and procedure-related complications [@bib4]. Because the complication rate is associated with the level of expertise, it has been suggested that the procedure be performed only by an experienced physician.

Radiopharmaceuticals targeted for the adrenal gland enter hormone synthetic pathways, demonstrate affinity for specific tissue receptors, and provide endocrine function in the target tissue. NP-59 was introduced in the late 1970s and acts as a cholesterol analogue [@bib7]. After accumulating in the adrenal cortex, radiopharmaceuticals are esterified without being further metabolised [@bib8], and they provide information on both anatomy and *in vivo* function of the adrenal gland. According to the scintigraphic pattern, physicians can interpret the type of Cushing's syndrome. If the symmetrical imaging is bilateral, the aetiology is ACTH-dependent Cushing's syndrome, including Cushing's disease and ectopic ACTH syndrome. If the result is asymmetrical, bilateral nodular hyperplasia is considered. When only a unilateral image is obtained, the most common aetiology is adrenal adenoma, which is also suspected if bilateral visualisation is absent [@bib8]. In our patient, ^131^I-NP-59 scintigraphy revealed unilateral visualisation compatible with adenoma. ^131^I-NP-59 scintigraphy is non-invasive but is seldom used because of the complicated protocol and prolonged imaging time. In addition, ^131^I-NP-59 is not widely available in some countries, including the United States [@bib2].

To the best of our knowledge, no studies have reported direct comparisons between ^131^I-NP-59 scintigraphy and adrenal venous sampling for Cushing's syndrome. The sensitivity of ^131^I-NP-59 scintigraphy for adenoma in Cushing's syndrome is reportedly 90--100% ([@bib9], [@bib10]). The specificity of ^131^I-NP-59 scintigraphy for adrenocortical lesions is approximately 86% [@bib11]. Although scintigraphy requires a 5-to7-day interval after iodocholesterol injection, this non-invasive functional test can be added to virtually any diagnostic evaluation without interfering with other studies. The contraindications for this procedure are pregnancy and breastfeeding [@bib12]. The side effects, which include nausea, vomiting, chest discomfort, headache, dizziness, tachycardia, flushing and abdominal pain, are related to the radiopharmaceutical. Furthermore, adrenal vein sampling is used mainly in patients with hyperaldosteronism. Even in high-volume centres with experienced radiologists, the success rate is 70--90% [@bib13]. Adrenal vein sampling is rarely used for the study of hypercortisolism, probably because of the rarity of cases in which adrenal cortisol secretion and bilateral nodules present together. However, it can be a useful test in this group of patients with co-presentation of adrenal cortisol and bilateral nodules [@bib14]. The contraindications for the procedure include a bleeding tendency, renal insufficiency, accelerated hypertension and allergy to the contrast medium. The side effects include bleeding, adrenal infarction or haemorrhage and a hematoma at the puncture site [@bib4]. In our experience, both adrenal venous sampling and ^131^I-NP-59 scintigraphy can provide the correct location of hypersecreting adrenal tumours. We suggest that if a patient presents with Cushing's syndrome with bilateral adrenal tumours, both adrenal vein sampling and ^131^I-NP-59 scintigraphy should be used to identify the location. However, either examination can provide sufficient information if only one is available.

Conclusion
==========

This report describes a patient with a Cushingoid appearance and bilateral adrenal masses. Both adrenal venous sampling and ^131^I-NP-59 scintigraphy revealed right-side hypersecretion of cortisol. Cushing's syndrome in this patient was controlled after laparoscopic right adrenalectomy.
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[^1]: WBC, white blood cell count; Hb, hemoglobin; Hct, hematocrit; PLT, platelets; BUN, blood urea nitrogen; Cre, creatine; ALT, alanine aminotransferase; Na, sodium; K, potassium; LDL-c: low-density lipoprotein cholesterol; Tg: triglyceride.

[^2]: \*Lateralization ratio: Right adrenal vein cortisol level divided by left adrenal vein cortisol level. AV, adrenal vein; PV, peripheral vein.
